ABSTRACT
INTRODUCTION
Given the renewed interest in Computerised Adaptive Testing (CAT) (see for example Vasegar, 2011) , it seemed timely to report on a study about the usage of CAT in Higher Education. This study was conducted by the authors as part of their ongoing programme of research into embedding Learner Centred Design (LCD) techniques in the design and development of learning experiences.
LCD is derived from User Centred Design (UCD), but acknowledges fundamental differences between users and learners, for example in terms of domain knowledge (Soloway, Guzdial and Hay, 1994) . Unlike users, learners are relatively unlikely to know what they need to do in order to achieve their goals. In short, they do not know the kinds of activities and information that they need to engage in order to understand a given topic. Hence, unlike UCD, a consideration found particularly in LCD is to support, or scaffold, learners in developing this understanding (Quintana, Krajcik and Soloway, 2000) .
The idea of placing the learner at the centre of their learning experiences is a longstanding one in higher education generally, for example the constructivist account of the self-directed learner. However using the formal process of LCD in designing learning experiences to achieve it is relatively new. The approach explicitly focusses the design and development of educational technology on the needs of the learner. Importantly this takes us away from content-centred or tutor-centred design, but with the emphasis being on the learner, it is vital that they are supported by the learning experiences designed for them, an example being the provision of effective scaffolding alluded to earlier.
It seems that this work would be substantially enhanced by the design and development of systems that are capable of adapting to learners. In this respect, CAT provides an important means of differentiating the needs of learners, and as such it is a central element of this research. Interestingly it has separately been observed that the 'one size fits all' approach is no longer adequate (Palloff and Pratt, 2003) and that CAT is part of a paradigm shift in educational technology that is taking us away from this approach (Brusilovsky, 2004) .
CAT is a technique for assessment that differs from standard Computer Based Testing (CBT) by adapting the difficulty of test items being presented to individual learners based on their performance. CATs are typically based on Item Response Theory (IRT) (Lord, 1980) , which is a family of mathematical functions that aim to predict the probability of a test-taker answering an item correctly. Other techniques for adaptive testing include fixed-branching techniques, such as the Flexilevel test (Lord, 1980) .
Some of the anticipated benefits of CAT include:
 providing students with a more engaging assessment experience: in a CAT, test-takers are challenged and motivated by test items that are tailored to their proficiency levels, rather than discouraged by items that are far above or below their ability level (Wainer, 2000) ;
 improving test security: the test items administered are dynamically selected according to individual proficiency levels. This would make it more difficult for test-takers to share detailed information about the test that could improve their scores in the future (Ward, 1988) ;
 increasing test efficiency: by tailoring the difficulty of the question to each test-taker, the test length can be reduced (i.e. fewer test items are needed) with no loss in measurement precision (Jacobson, 1993; Carlson, 1994; Wainer, 2000) . A further benefit of administering fewer items would be a reduction in item exposure; this could in turn extend the life span of those items with lower exposure.
Many of the practical applications of CAT have centered on the use of IRT for large, high-stakes admission tests notably in the USA. Examples of such applications include the Armed Services Vocational Aptitude Battery (ASVAB) (McBride, 2001) , (Graduate Management Admission Test (GMAT) (Guo et al., 2006) , Test of English as a Foreign Language (TOEFL) (Glas et al., 2003) , Graduate Records Examination (GRE) (Wainer and Eignor, 2000) .
A range of examples of implementations of CAT for the assessment of students in various educational contexts can also be found in the literature; see, for example, Jacobson (1993) , Syang and Dale (1993) , Carlson (1994) , Conejo et al. (2000) , Fernandez (2003) , Gonçalves et al. (2004) , He and Tymms (2004) , Lilley et al. (2004) , He and Tymms (2005) , Ho and Yen (2005) , Romero et al. (2006) , Wheadon and He Q. (2006) , Galvez et al. (2009) and Lilley and Pyper (2009) . However, most if not all of these implementations, tend to be developed and used by tutors and researchers rather than forming institution-wide, substantial production level approaches to CAT-based assessment. It is of real interest to understand whether or not this remains the case, and the extent to which CAT techniques may be found in mainstream assessment regimes across the higher education sector.
In order to place this main point of interest in its proper context, the research encompassed the varying approaches to assessment employed by colleagues as well as their perception of approaches to assessment in general and CAT in particular.
METHODOLOGY
A web survey was created and published online. Colleagues were contacted via two main mailing lists: Higher Education Academy (Subject Centre for Information and Computer Sciences) and Association for Learning Technology. Participants were able to respond to the survey anonymously, or enter their contact details. Participants who entered their contact details were automatically entered into a prize draw of one of ten Amazon vouchers worth £20 each.
The web survey consisted of a maximum of twenty-three questions. The number of questions presented to each participant depended on their awareness and usage of CAT in their professional practice.
RESULTS
Participants were invited to answer questions that covered a range of topics from their approaches to student assessment in general, to their knowledge and usage of CAT in particular. A summary of the answers provided by the respondents can be found in this section.
Context
A total of sixty-nine participants responded to the web survey; sixty-seven of these provided their affiliation. Participants were derived from thirty-seven Higher Education Institutions (HEI).
Participants were also asked to choose their main area of teaching; the areas of teaching were based on the list of Higher Education Academy ( It can be seen that most of the respondents identify themselves as teaching in the Information and Computer Sciences subject centre.
Current Practice
Participants were asked about their current methods of assessment in terms of formative and summative assessment. These can be found respectively in Tables 2 and 3 .
Assessment method Response Count
Objective tests (e.g. multiple-choice, multiple-response, fill-in-the blanks) 44
Practical projects 37
Short answer questions 32
Essays 30
Group projects 22
Portfolios 17
Peer assessment 2
Presentations and/or seminars 2
Problem-Based Learning 2
In-class Socratic dialogue 1
Online discussion forums 1
Reflective journals 1 Self-assessment 1 
Attitude towards the Use of Objective Testing in Higher Education
Typical applications of CAT are based on the use of objective testing, and therefore it was important to obtain a more comprehensive picture of participants' attitude towards the use of objective testing in their professional practice. Participants' attitudes to the different forms of assessment are consistent with the impact the results would have on student grades. So, participants reported using objective testing more commonly when the stakes were low or the assessment was formative. When the assessment was summative, they reported using objective testing less often. So, whilst this may not represent an overall acceptance of objective testing, it seems to indicate a willingness to use it for formative and low stakes assessment.
Knowledge and Usage of CAT
In the online survey, fifty-two respondents indicated that they were aware of computer-adaptive testing as an assessment method. Those fifty-two respondents where then asked to indicate their level of knowledge of CAT techniques. Their responses are summarised in Table 5: Level of knowledge N
Limited knowledge 14
Some knowledge 25
Good knowledge 9
Expert 4 In addition, respondents were asked as to whether or not they were employing CAT in their assessment practice. Forty-five respondents (86.5%) indicated that they were not currently employing CAT in their assessment practice; and the reasons for this are presented in the next section. Table 6 below summarises the reasons why respondents, albeit with varying degrees of knowledge of CAT, did not employ the technique in their assessment practice.
Reasons for Non-Usage

Reason Response count
Adaptive testing algorithms are more difficult to implement than conventional testing. 19
The items in the pool must be calibrated. 16
Students may perceive the test as being unfair, given that the set of items administered for each student is different.
14
The item pool is larger than that required by conventional testing. 13
Students may not fully understand how their final scores are calculated. 12
The technique is not suitable for the subject that I teach. 8 I think that the advantages of computer-adaptive testing are outweighed by its disadvantages. 7
The software required is too expensive. Substantial start-up costs. 7 I see little or no merit in the idea of computer-adaptive testing in an educational setting. 3
To date, I have not had an opportunity to make use of computer-adaptive testing. 3 I would not know how to set up software for this. 2
It is not possible to integrate technique into existing VLE. 2
Institutional practices make this prohibitive in terms of the effort required to implement it. 2 I am a computer-phobic. 1 Table 6 : Reasons why respondents were not employing CAT in their current assessment practice. Participants were asked to select all reasons that applied.
Overview of CAT Usage
Only seven (13.5%) out of the fifty-two respondents were applying CAT in their professional practice. The most commonly applied technique was the Flexilevel Test (N=4), followed by adaptive techniques developed by the institution (N=2). Interestingly, only one institution reported using IRT (One-Parameter Logistic Model).
In section 3.3, it was shown that colleagues favoured the use of objective testing in formative and low-stakes summative assessment. This preference is also reflected here; only one respondent reported the use of CAT for high-stakes summative assessment. Formative assessment (N=4) followed by low-stakes summative assessment (N=3) were reported as the most common usages of CAT. It should be noted that in the context of this work, low-stakes summative assessment are instances of assessment that represent less than 10% of the overall grade for a module.
Moreover, respondents were asked to rate a series of statements regarding the potential benefits of the CAT approach. The list of potential benefits was derived from Lord (1980) , Carlson (1994) and Wainer (2000) . A summary of their responses can be seen in The ability to administer tests that take less time. 0 0 5 2 0 3
The ability to administer tests with fewer items. 0 1 5 1 0 3
The ability to provide learners with tailored feedback.
The potential to reduce cheating, given that learners sitting the same test will be presented with a different set of items. 0 0 2 5 0 4 Respondents were asked to rate a series of statements regarding the potential limitations of the CAT approach, as derived from Lord (1980) and Wainer (2000) . A summary of their responses can be seen in Students may perceive the test as being unfair, given that the set of items administered for each student is different.
The item pool is larger than that required by conventional testing.
The items in the pool must be calibrated. 0 0 2 4 1 4
Adaptive testing algorithms are more difficult to implement than conventional testing. Respondents were also asked whether or not they would continue to use adaptive testing in future; all but one respondent answered 'yes'. Finally, respondents were asked about student attitude towards the approach. One respondent indicated that the students were apathetic; the remaining respondents suggested that students were positive towards the approach.
DISCUSSION
The data provide an overview of the assessment methods being employed by colleagues in the sector, albeit with a bias towards colleagues in the ICS subject area. It is evident that a diverse range of assessment methods are being employed, but of particular interest in this study is the use and perception of CAT and the use and perception of objective testing. Whilst there are examples of CAT applications for open-ended test items (see for example Alfonseca et al., 2005) ; the vast majority of CAT applications are based on the use of objective items. For this reason, it was important to get a more complete picture of colleagues' attitude towards objective testing.
Participants' responses suggest that objective testing is a common technique employed by colleagues to provide students with formative assessment opportunities. It is used for summative assessment, but to a much lesser extent.
Colleagues expressed a strong preference for the use of objective testing in formative assessment and lowstakes summative assessment rather than high stakes summative assessment. A potential reason for this preference is likely to be the common assumption amongst academic staff and practitioners that only the three or four lowest levels of cognitive skills defined by Bloom can be assessed using objective tests (Bull and McKenna, 2004) . Indeed, some colleagues who responded to our survey expressed the view that objective testing would not be suitable at all for the subjects they teach and assess; this was particularly the case for those who are mostly supervising postgraduate and doctoral students. The following quote from a respondent captures this issue: "I'm not assessing the kinds of knowledge to which structured, factual answers are appropriate. I recognise that this may be valuable in other areas, but in the topics I teach, the level of debate is such that I focus assessment work on students' ability to take and defend a position".
CAT awareness amongst respondents was high -75.3%. The level of knowledge, however, tended to be low with the majority of respondents reporting either 'limited knowledge' (26.9%) or 'some knowledge' (48%). Only 7.6% of the respondents classified themselves as 'experts'.
Respondents were also asked whether or not they were employing CAT as part of their current assessment practice. The responses collected show that the majority of the respondents (86.5%) were not employing adaptive testing in their current assessment practice. The reasons for this vary, but most commonly they are related to practical implementation issues:
 the effort required to implement a CAT is much greater than that required to implement a CBT. CAT item selection algorithms are more complex than those required by traditional CBTs, since in a CAT tests are dynamically generated and tailored to individual students. Another salient difference between CBTs and CATs is related to the database of questions. In a CBT, a database containing only the questions to be administered during the test is required. In a CAT, a large and calibrated database of questions, usually three to four times the number of questions to be administered during the test is required.
 CAT scoring has often been seen as problematic, as in a CAT the final score given to a test-taker is calculated based on the number of items answered correctly and incorrectly, as well as on the level of difficulty of these items. As a result, test-takers who answered the same number of test items correctly could end up with different final scores, and this could in turn bring uncertainties about the "fairness" of the assessment.
Practical implementation issues also seemed to have had an effect on the CAT technique employed by those respondents who incorporated adaptive testing into their assessment practice: fixed-branching techniques such as the Flexilevel test (57.1%) were favoured over more complex models such as the One-Parameter Logistic Model form IRT (14.3%). Other well-established IRT models such as the Two-and Three-Parameter Logistic were not present in any of the CAT implementations reported in this study.
Similarly to the responses relating to traditional CBTs, respondents favoured the use of adaptive testing in formative and low-stakes assessments over high-stakes summative assessments. This is not surprising, given that the limitations regarding objective testing in terms of cognitive skills being assessed that apply to traditional CBTs also apply to CATs.
In terms of benefits of the CAT approach, the potential to tailor tests to individual learners was the most valued benefit. The ability to generate automated feedback and reduce cheating were also valued. Interestingly, findings from this work indicate that the potential to increase test efficiency was the least valued benefit.
The potential barriers to the implementation of CATs by those who are currently using adaptive testing in their assessment practice are related to the additional effort required to implement adaptive testing.
CONCLUSION
In the sample of respondents CAT is not a commonly used assessment technique, although many respondents were aware of it even if few identified themselves as having more than 'Some knowledge' of the technique. It seems that this lack of uptake may be extrapolated to the wider population given the technical proficiency and awareness of the sample in this study.
It seems that the main reasons for the relatively low levels of adoption are because of practical implementation issues rather than more principled objections. Where respondents did seem to express principles in terms of assessment, it seemed to indicate that objective testing may be more acceptable in formative or low stakes assessment contexts. This has a direct bearing on potential implementations of CAT given the likelihood that they would make use of objective testing.
It is a contention of the authors that the use of CAT could represent an important element of LCD practices in the future and that the potential benefits of this could be transformational. However, the practical issues identified by respondents are likely to remain in the future, and it may be concluded that this will continue to limit the uptake of the technique. However, a potential route to make it viable in future could take the form of an open-source CAT engine supported by an appropriately calibrated and sufficiently populated item pool.
The study has provided useful insight into the assessment landscape, particularly in terms of attitudes towards and usage of CAT. It seems that if the practical issues can be overcome, then the uptake could be significant. This in turn could provide a valuable technique to enhance the effectiveness of existing LCD approaches.
